Adenomyosis is commonly believed to arise from the basalis endometrium. As an estromedin growth factor, hepatocyte growth factor (HGF) exhibits multiple functions in endometriosis, a disease commonly believed to arise from the functionalis endometrium. Here, we investigated the role of HGF in the occurrence of epithelial-mesenchymal transition (EMT) in adenomyosis. Full-thickness-biopsy specimens from endometrium to myometrium were collected after hysterectomy from women with and without adenomyosis. The relationship between HGF and E-cadherin (epithelial cell marker) and Ncadherin (mesenchymal cell markers) was examined at the gene and protein levels using endometrial epithelial cells (EECs) in culture and tissues by quantitative RT-PCR and immunohistochemistry. The gene and protein expressions of two transcriptional repressors of E-cadherin, SLUG and SNAIL, were examined using Ishikawa cells and in response to HGF and estrogen (E 2 ). HGF down-regulated E-cadherin and up-regulated N-cadherin mRNA expression in EECs, and an inverse relationship in protein expression between HGF and E-cadherin was observed in basalis endometria derived from women with diffuse and focal adenomyosis. HGF induced morphological changes of EECs from a cobblestone-like appearance to spindle-shaped cells and promoted migration of EECs. Ishikawa cells exhibited upregulation of SLUG/SNAIL gene expression in response to both HGF and E 2 with an additive effect between them. HGF-and E 2 -promoted SLUG/SNAIL gene expression was significantly abrogated after pretreatment of cells with anti-HGF antibody or ICI 182720, an estrogen receptor antagonist. HGF may be involved in gland invagination deep into the myometrium by inducing EMT at the endo-myometrial junction in women with adenomyosis.
INTRODUCTION
Adenomyosis is defined by the intramyometrial presence of gland and stroma derived from basalis endometrium surrounded by the reactive hyperplastic or hypertrophic myometrium, causing either focal or diffuse enlargement of the uterus [1, 2] . Adenomyosis occurs most likely during the fourth and fifth decades of life and after the completion of childbearing activity. However, recent development of diagnostic tools, such as transvaginal ultrasonography and magnetic resonance imaging (MRI), has disclosed that adenomyosis may occur in women of younger ages. The differences between endometriosis and adenomyosis are in the origin of the endometrium (functionalis or basalis) and the anatomic site of the lesion (outside or inside of the uterus) [1] . The problems in women with adenomyosis are decreased quality of life and/or subfertility, demanding proper treatment [3, 4] .
The exact physiopathology and pathogenesis of adenomyosis are still elusive. According to published literature, there are different proposals for the pathogenesis of adenomyosis, such as de novo metaplasia of Müllerian remnants, invagination through the vascular or lymphatic channel, and mechanical tissue injury or stress reaction at the endo-myometrial interface [1, 5, 6] . The most widely accepted opinion is that adenomyosis develops as a down-growth and invagination of the basalis endometrium into the myometrium [1] . However, a possible mechanism of gland invagination from the basalis endometrium deep into the underlying myometrium is unknown.
Epithelial-mesenchymal transition (EMT) and its converse, mesenchymal-epithelial transition, are concepts first defined by Elizabeth Hay [7] some 45 yr ago. Once epithelial cells become competent to respond to EMT-inducing signals, these signals can promote disruption of the intercellular adhesion complexes and loss of the apico-basal polarity of the epithelial cells, a prime feature crucial for cells to leave the epithelium and achieve migration potentiality. Since the basalis endometrium and inner myometrium (junctional zone) are closely apposed without any intervening basement membrane, events of EMT might occur here.
Epithelial-cadherin (E-cadherin) is a multigene family of transmembrane glycoproteins and normally acts as an ''adhesive zipper,'' meaning that E-cadherin maintains tight cell-cell or cell-matrix contact for epithelial cells [8] . It has been demonstrated that epithelial cells, potentially invasive in human endometriosis, lack the expression of E-cadherin [9] . Studies with breast cancer, bladder cancer, and hepatoma cells indicated that overexpression of hepatocyte growth factor (HGF) may down-regulate cadherin-mediated cell-cell adhesion with consequent migration and invasion into mesenchymal cells [10] . Recent reports demonstrated that estrogen-induced EMT of epithelial cells may contribute to the development of adenomyosis or may be involved in the metastatic potential of cancer cells [11, 12] .
A number of transcriptional repressors of E-cadherin, such as SLUG (a Snail-related zinc-finger transcription factor), SNAIL (another Snail-related zinc-finger transcription factor), SIP-1/Zeb-2, E12/E47, and Twist, have been reported [12] [13] [14] . They are found to interact with the proximal E-boxes of Ecadherin promoter and induce DNA hypermethylation or histon deacetylation, thereby causing decreased expression of Ecadherin [13, 14] . An inverse correlation between E-cadherin and SLUG/SNAIL expression has been described in different cell systems [12] [13] [14] . Ectopic expression of SLUG/SNAIL in epithelial cells caused EMT by the aid of migratory and invasive behaviors [13, 14] . The expression pattern of SLUG/ SNAIL in epithelial cells in response to HGF and the additive effect between HGF and estrogen on their expression are not clearly described.
We used Ishikawa cells to investigate the expression pattern of SLUG/SNAIL in response to HGF and estrogen in our current study. Ishikawa cells make up a well-differentiated endometrial adenocarcinoma cell line that retains phenotype of endometrial epithelial cells and displays apical adhesiveness and a similar expression profile of different molecules to endometrium, under the control of estrogen and progesterone [15, 16] . In fact, different transcriptional repressors of Ecadherin (SLUG/SNAIL/Twist) are known to express in Ishikawa cells [17] .
As a marker of tissue stress reaction, first of all, we performed immunohistochemical staining of human heat shock protein 70 (HSP70) at the endo-myometrial junction (EMJ) of tissues derived from control women and women with adenomyosis. Then we performed a series of experiments to establish that as an estromedin (regulated by estrogen) and pleiotropic growth factor, HGF might play a role in inducing EMT and that, if it is true, HGF-induced EMT might be involved in the pathogenesis of adenomyosis.
MATERIALS AND METHODS

Patients and Collection of Samples
During the period of February 2009-March 2012, full-thickness-biopsy specimens were collected from endometrium to myometrium after hysterectomy in 12 control women (uterine myoma) and 15 women with adenomyosis. The collected uteri were transported to the laboratory in DMEM/F12 media (Gibco) on ice under sterile conditions and were processed for tissue collection or generation of primary cell culture. We previously demonstrated that inflammatory reaction is the strongest in the endometria of women with submucosal myoma, modest in the intramural myoma, and weak in the subserosal myoma [18] . Based on this background, we selected mostly patients with subserosal myoma for our control group to avoid any bias in our study. Among women with adenomyosis, eight were diffuse type with lesions on both uterine walls, and seven were focal type with lesions on either uterine wall. The diagnosis of uterine myoma and adenomyosis was made clinically by transvaginal ultrasonography and MRI and finally confirmed by histology. None of the control group or adenomyosis group had coexistent endometriosis or received any hormonal treatment for at least 3 mo before surgery. Women with adenomyosis aged between 33 and 54 yr old and women in the control group aged between 36 and 52 yr old were operated on for either total abdominal hysterectomy or laparoscopy-assisted vaginal hysterectomy or total laparoscopic hysterectomy. Except for three patients in the adenomyosis group, all had regular menstrual cycles. Most of the control and adenomyosis patients had hysterectomy during the secretory phase in order to allow recovery of mild to moderate anemia resulting from hypermenorrhea. A summarized clinical profile of patients with and without adenomyosis is shown in Supplemental Table S1 (Supplemental Data are available online at www.biolreprod.org). This study was conducted under a protocol (no. 09100513) approved by the Institutional Review Board of Nagasaki University. Written informed consent was obtained from all women.
We distinguished the basalis endometrium from the functionalis endometrium by defined histological criteria as described previously [19] : 1) constant appearance of the basalis throughout the menstrual cycle, 2) glands of the basalis appearing weakly proliferative, and 3) basalis cells lacking secretory change and a spindled and nondecidualized stroma. As an additional criterion, we also defined the basalis endometrium as 1-mm area from the EMJ as previously reported [20] .
Isolation and Culture of Endometrial Epithelial Cells
The isolation and culture of human endometrial epithelial cells (EECs) were performed as described previously [21, 22] . Fresh endometrium of women with focal adenomyosis collected in sterile medium was rinsed to remove blood cells. The tissue was minced into small pieces and incubated in DMEM/F12 media containing 0.5% collagenase and 0.02% DNAase (Wako). Cell clumps were dispersed by aspiration through a siliconized Pasteur pipette after 30 min of incubation at 378C. The resultant dispersed cells were separated by filtration through 106-lm monofilament nylon mesh. The stromal cells remaining in the filtrate were collected, processed, and used for a separate experiment.
Epithelial-enriched cell clumps retained during the initial filtration step were washed in HBSS (Gibco). An enzyme mixture containing 0.5% collagenase, 0.1% hyaluronidase, 0.1% pronase, and 0.02% DNAase (Wako) in HBSS was used for further tissue dissociation at 378C in a shaking water bath. After 15-20 min of digestion, the epithelial preparation was collected on an 88-lm monofilament nylon mesh membrane filter that allowed most stromal and endothelial cells to pass. The EECs were removed and resuspended in DMEM/F12 media (supplemented with 5% fetal bovine serum [FBS] , 100 IU/ ml of penicillin G, 50 mg/ml of streptromycin, and 2.5 lg/ml of amphotericin B, all from Gibco). The EECs were plated (5 3 10 5 cells/ml) onto 100-mm dishes (Iwaki; Asahi Technology Co.) and incubated at 378C in humidified 5% CO 2 . At the first passage, EECs were used for planned experiments using serum/phenol red-free DMEM/F12 media (Gibco). The purity of EECs was greater than 95% as judged by positive cellular staining for cytokeratin and negative cellular staining for CD10, CD45, and von Willebrand factor.
Treatment of EECs with HGF and Estrogen
After initial plating of EECs (1 3 10 5 cells/ml) in 12-well plates, timedependent (3-, 6-, 12-, 18-, 24-, and 48-h) basal expression of E-cadherin (epithelial-cadherin, epithelial cell marker) mRNA was examined. In order to examine the effect of HGF on EECs (2 3 10 5 cells/ml, initial plating), HGF was applied (50 and 100 ng/ml; R&D Systems) for a period of 24 h on the preconfluent cells. Once the EECs reached preconfluence, pattern of changes in the expression of E-cadherin and N-cadherin (neuronal-/nonepithelial-cadherin, mesenchymal cell marker) mRNA was examined in response to different doses of HGF (0, 10, 50, and 100 ng/ml) for a treatment period of 24 h in serum/phenol red-free media. The single and combined effect of HGF (50 ng/ ml) and 17b-estradiol (E 2 , 10 À8 M; Sigma) on mRNA expression of SLUG (Snail-related zinc-finger transcription factor) and SNAIL (another Snail-related zinc-finger transcription factor) in Ishikawa cells was also evaluated by incubating the cells in six-well plates (2 3105 cells/ml, initial plating), and treatment on the preconfluent cells continued for another 24 h in serum/phenol red-free media.
Tissue Homogenization and Measurement of HGF Concentration
A fraction of biopsy specimen was collected from the EMJ of control women and women with focal and diffuse adenomyosis. Biopsy samples were homogenized in homogenizing buffer as reported previously [18] using a Polytron homogenizer (Kinematics). The respective tissue suspension was centrifuged at 1500 rpm for 5 min to obtain the supernatant. The concentration of HGF in respective tissue supernatant was measured in duplicate using a commercially available sandwich ELISA (Quantikine; R&D Systems). The protein concentration of samples was measured by the method of Bradford [23] to standardize HGF levels. The antibodies used in HGF determination do not cross-react with other cytokines. The limit of detection was 40.0 pg/ml for HGF. Both the intra-and the interassay coefficients of variation were ,10% for this assay. The tissue concentration of HGF was expressed as pg/lg protein.
Cell Morphology Study
In an attempt to examine the changes in cell morphology in response to HGF, ECCs were cultured in six-well plate (5 310 5 cells/ml) with 5% FBS containing media for an initial period of 24 h. Then EECs were treated with HGF (100 ng/ml) in a time-dependent fashion (0, 12, 24, and 48 h) in serum/ KHAN ET AL.
phenol red-free media. Any change in cell morphology was examined under microscope (2003) .
Cell Migration Assay
Pattern of cell mobility was examined by a migration assay using the Boyden chamber technique [24] . Polycarbonate filters (cell culture inserts, 8-lm pore size; Becton Dickinson) and 24-well multichamber dishes were used. The EEC suspensions (1 3 10 5 cells/well) were seeded in the upper chambers in medium containing 1% FBS. After the cells became attached to the filters, HGF (0, 50, and 100 ng/ml) either alone or in combination with E 2 (10 À8 M) was added to the lower chambers. The dose of E 2 was selected after an initial dosedependent study. To neutralize the specific effects of HGF and E 2 , a monoclonal antibody against HGF (10 lg/ml) and ICI 182720 (10 À6 M; an estrogen receptor antagonist) were added to the serum-free medium with or without HGF and E 2 . Nonimmune mouse IgG1þHGF (50 ng/ml) was used as the control. After 24 h of incubation, the upper surfaces of the chambers were scrapped and washed with PBS. The chambers were next fixed and stained with Diff-Quick (Harleco), and the number of migrated cells was counted. The cell counts were performed in three different randomly selected areas for six different samples (1003).
Immunohistochemistry
Endometrial samples were fixed in neutral formalin and later embedded in paraffin for histological analysis. Five-micrometer sections were stained for hematoxylin and eosin. The detail of immunohistochemical staining was described elsewhere [25] . We used at least three slides per biopsy for immunohistochemical analysis. Nonimmune mouse immunoglobulin (Ig) G1 antibody (1:50; DAKO) was used as a negative control. Placental tissue known to exhibit high levels of HGF/c-Met protein was used as a positive control.
Analysis of the Quantitative-Histogram Score
The immunoreactive intensity of stained cells in the functionalis and basalis endometria against target antigen was quantified by a modified method of quantitative-histogram scoring (Q-H score) as described previously [25] . The Q-H score was calculated using the following equation: Q-H score ¼ Rpi (I þ 1), where I ¼ 1, 2, or 3 and pi is the percentage of stained cells for each intensity. The staining intensity was graded as 0 ¼ no staining, 1 ¼ weak, 2 ¼ moderate, and 3 ¼ strong. We calculated the mean Q-H scores of five different fields of one section by light microscopy at moderate magnification (2003).
RNA Extraction, Reverse Transcription, and Real-Time PCR
Total RNA was isolated from treated and nontreated EECs and Ishikawa cells using RNeasy Mini Kit (Qiagen). RNA (1 lg) was added to reverse the transcription reaction (RT-PCR), and cDNA (1 ll) was subjected to real-time PCR using an ABI Prism 7300HT system (Applied Biosystems) and SYBER green PCR master mix (Applied Biosystems). RNA from respective cells without reverse transcriptase was used for negative controls. We used Ishikawa cells because these cells retain the similar phenotype and behavior as that of EECs. All primers and probes of target genes were designed as described previously [12, 21, 26] . To determine the gene expression level of E-cadherin, N-cadherin, SLUG, and SNAIL, real-time PCR was performed, and data analysis was done using LightCycler 480 (Roche Diagnostics). The mRNA expression of E-cadherin, N-cadherin, SLUG, and SNAIL was normalized to RNA loading for each sample using beta-actin (b-actin) mRNA as an internal control. Thermal profile consisted of 2 min at 508C, 10 min at 958C, followed by 40 cycles of 15 sec at 958C and 1 min at 608C. The amplification protocol for b-actin consisted of 1 min at 948C, 1 min at 628C, and 1 min at 728C, and the reaction was repeated for 23 cycles. All PCR conditions were followed by a melting curve analysis.
Statistical Analysis
The data are expressed as either mean 6 SEM or mean 6 SD. The clinical characteristics of the subjects were compared with one-way analysis of variance (ANOVA). Statistical analysis was performed where appropriate using the Student t-test or Mann-Whitney U-test or ANOVA followed by the Tukey post hoc test. For comparison among three or more groups, the Kruskal-Wallis test was used to determine the difference among the groups. Differences with P , 0.05 were considered statistically significant.
RESULTS
There were no significant differences in clinical characteristics (age, parity, gravity, and clinical symptoms) between women with or without adenomyosis (Supplemental Table S1 ).
Immunoexpression of HSP70
A stronger immunoexpression of HSP70 was observed in the basalis endometrium (gland þ stroma) as well as in the inner myometrium in women with adenomyosis than in control women (Supplemental Fig. S1A, upper column) . A similar moderate to strong HSP70 expression was found in the gland cells and the myometrium of both diffuse and focal adenomyotic lesions (Supplemental Fig. S1A, lower column) . A significantly higher Q-H score of HSP70 immunoreaction was found at the EMJ of women with adenomyosis than in control women (*P , 0.05) and in adenomyotic lesions of women with diffuse adenomyosis than in focal adenomyosis (**P , 0.05; Supplemental Fig. S1B ).
Effect of HGF on Basal EECs and E-Cadherin Expression
Expression of c-Met, a receptor of HGF, in EECs was described in a separate study [27] . A cell separation/scattering effect on cytokeratin-positive preconfluent EECs (HGF, 0 ng/ ml) was observed after treatment with HGF (at 50 and 100 ng/ ml; Fig. 1A) . A time-dependent increase in the mRNA expression of E-cadherin in basal EECs (HGF untreated) was found with maximum gene expression at 24 and 48 h (Fig. 1, B and C). Treatment with HGF on preconfluent EECs significantly decreased mRNA expression of E-cadherin (epithelial cell marker; *P , 0.05 vs. HGF-untreated EECs) and induced a concomitant increase in the mRNA expression of N-cadherin (mesenchymal cell marker; Fig. 1, D and E) . These differential expressions of E-cadherin and N-cadherin with consequent cell separation are the basic features of HGF-induced EMT.
Immunoexpression of HGF and E-Cadherin/N-Cadherin in the Functionalis and Basalis Endometria
A similar pattern of immunoexpression of HGF and Ecadherin was observed in the gland cells of both the functionalis and the basalis endometria derived from control women ( Fig. 2A) . While no staining of N-cadherin was observed in either of these two layers, vimentin (another mesenchymal cell marker) expression was slightly increased (Fig. 2A, inset) . The protein expressions of HGF/E-cadherin/Ncadherin/vimentin were equally observed in the functionalis layer of the endometrium derived from women with diffuse adenomyosis (Fig. 2B) . However, a stronger expression of HGF and mild expression of E-cadherin was found in the basalis endometrium of women with diffuse adenomyosis (Fig.  2B) . Compared to the expression of N-cadherin, a stronger expression of vimentin was observed in the functionalis/basalis endometrium (Fig. 2B, inset) .
Q-H score analysis showed a significantly lower expression of E-cadherin in the basalis endometria of women with HGF-INDUCED EMT IN ADENOMYOSIS adenomyosis than in controls (*P , 0.05 vs. control; Fig. 2D ). Although no difference in the immunoreaction of N-cadherin was observed in the functionalis/basalis endometria between control and women with adenomyosis, a significantly higher Q-H score of vimentin expression was found in the functionalis/basalis endometria of women with adenomyosis than in control women (*P , 0.05; Fig. 2, C and D) . No difference in the immunoreaction of HGF and E-cadherin was observed in the functionalis endometria of control women and women with adenomyosis or in the control basalis (Fig. 2, C  and D) .
A similar pattern of immunoexpression of HGF and Ecadherin was observed in the functionalis and basalis endometria derived from women with focal adenomyosis (Supplemental Fig. S2 ). While no difference in the expression of HGF and E-cadherin was observed in the functionalis and basalis endometria of the contralateral side (no lesion) and functionalis layer of the ipsilateral side (with lesion), a decreased expression of E-cadherin and moderate expression of HGF was observed in the basalis endometrium of the ipsilateral side (Supplemental Figure S2A) . This was confirmed by Q-H score analysis that showed a significantly more decreased expression of E-cadherin in the basalis layer than in the functionalis layer of the endometrium on the ipsilateral side (*P , 0.05; Supplemental Figure S2B ). Interestingly, a similar expression of HGF and E-cadherin was noticed in gland cells of adenomyotic lesions of both focal adenomyosis (Supplemental Fig. S2 , inset) and diffuse adenomyosis (data not shown).
Tissue Concentration of HGF at the EMJ
We collected tissue specimens from the EMJ after hysterectomy for control women and women with focal adenomyosis (Fig. 3A) and diffuse adenomyosis. A significantly higher tissue concentration of HGF was found in the EMJ derived from the ipsilateral side of focal adenomyosis and the anterior/posterior walls of diffuse adenomyosis when compared with similar tissues derived from control women or FIG. 1. The scattering effect of HGF on cytokeratin-positive EECs (A). Time-dependent mRNA expression of E-cadherin in untreated EECs (B and C) and effect of variable doses of HGF on mRNA expression of E-cadherin and N-cadherin on EECs (D). HGF (50 and 100 ng/ml) was able to scatter or separate cell-cell contact of EECs when compared with HGF-untreated cells (A). The mRNA expression of E-cadherin in EECs was time-dependently increased with the progression of cell confluence (B and C). Compared to HGF-untreated cells, treatment with HGF (50 and 100 ng/ml) significantly decreased mRNA expression of E-cadherin in EECs (black bar) with a concomitant increase in N-cadherin mRNA expression (D and E). The expression of E-cadherin and Ncadherin mRNA was normalized to RNA loading for each sample using b-actin mRNA as an internal standard (C and E). E-cadherin, *P , 0.05 vs. HGFuntreated cells. Statistics were analyzed by Student t-test. The results are expressed as mean 6 SEM of six separate experiments.
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the contralateral endometrium of women with focal adenomyosis (*P , 0.05, **P , 0.01, by Kruskal-Wallis test; Fig. 3B ).
Effect of HGF on Changes in Cell Morphology and Cell Migration
We examined two cellular aspects of EMT in response to HGF and E 2 , such as cell morphological change and cell migration. We found that HGF (100 ng/ml) induced a sequential and time-dependent change in EECs morphology, from a cobblestone-like appearance (at 0 h) to a mesenchymal phenotype (elongated spindle-shaped cells) at 48 (Fig. 4A) . Estrogen (E 2 , 10 À8 M) had a similar effect on morphological change of EECs (data not shown). The Boyden chamber assay (Fig. 4B) revealed that HGF was able to significantly migrate EECs from the upper chamber to the lower chamber with a dose of both 50 and 100 ng/ml (*P , 0.05 vs. HGF-untreated EECs; Fig. 4C ). The expression of ER (estrogen receptor) and PR (progesterone receptor) in endometrial and endometriotic cells has been described previously [28] . In addition to a significant single effect of E 2 (10 À8 M/10 À7 M; *P , 0.05 vs. untreated EECs), an additive effect between HGF and E 2 was observed in cell migration (**P , 0.05 vs. HGF-treated [50 ng/ml] EECs; Fig. 4C ). This effect of HGF and E 2 on cell migration was significantly abrogated after pretreatment of EECs with anti-HGF antibody (10 lg/ml) or ICI (10 À6 M; *P , 0.01 vs. HGF-or E 2 -treated cells; Fig. 4D ). Treatment with nonimmune mouse IgGþHGF (50 ng/ml) did not influence this migration.
Effect of HGF and E 2 on SLUG and SNAIL Expression in Ishikawa Cells
Both basal and estrogen (E 2 )-stimulated and ER-positive Ishikawa cells displayed c-Met (HGF receptor) expression (Fig. 5A) . After an initial dose-dependent study, we decided on the dose of HGF and E 2 . Individual treatment of Ishikawa cells with HGF (50 ng/ml) and E 2 (10 À8 M) up-regulated mRNA expression of SLUG and SNAIL compared to HGF/E 2 -untreated cells (Fig. 5B) . In addition to an individual significant effect (*P , 0.05 vs. untreated cells for each of HGF and E 2 ), an additive effect between HGF and E 2 was observed in the overexpression of SLUG and SNAIL mRNA (**P , 0.05 vs. HGF or E 2 treatment; Fig. 5C ). The individual effect of HGF and E 2 was more prominent in the expression of the SLUG gene compared to the SNAIL gene. HGF-and E 2 -
The immunohistochemical staining of HGF, epithelial cell marker, E-cadherin, and mesenchymal cell markers N-cadherin/vimentin (inset) in the functionalis endometria (upper column) and basalis endometria (lower column) derived from control women (n ¼ 12; A) and women with diffuse adenomyosis (n ¼ 8; B). Q-H scores indicated no difference in the immunoreaction of HGF and E-cadherin in the functionalis endometria of control women and women with adenomyosis or in the control basalis (C and D). In contrast, a significantly lower expression of E-cadherin was observed in the basalis endometria of women with adenomyosis than in controls (*P , 0.05; D). Although no difference in the immunoreaction of N-cadherin was observed in the functionalis/basalis endometria between control and women with adenomyosis, a significantly higher Q-H score of vimentin expression was found in the functionalis/basalis endometria of women with adenomyosis than in control women (*P , 0.05; C and D). HE, hematoxylin and eosin staining of each slide. Bar ¼ 100 lm for panel of hematoxylin and eosin stain; bar ¼ 50 lm for each panel of HGF, E-cadherin (E-cad), N-cadherin (N-cad), and vimentin. Statistics were analyzed by Mann-Whitney U-test. The results are expressed as mean 6 SEM.
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promoted SLUG and SNAIL mRNA expression were significantly suppressed after pretreatment of cells with anti-HGF antibody (10 lg/ml) or ICI (10 À6 M; P , 0.05 vs. single treatment with HGF or E 2 ; Fig. 5 , B and C).
Immunoexpression of E-Cadherin and SLUG/SNAIL in the Functionalis and Basalis Endometria
A similar pattern of E-cadherin and SLUG immunostaining was observed in both the functionalis and the basalis endometria derived from the contralateral side (no lesion) and in the functionalis endometrium derived from the ipsilateral side (with lesion) of focal adenomyosis (Fig. 6A) . In contrast, a mild expression of E-cadherin and a moderate expression of SLUG were found in the basalis endometrium derived from the ipsilateral side (with lesion) of focal adenomyosis (Fig. 6A, lower right column) . SNAIL immunostaining was not observed in the functionalis or basalis endometria of either side of focal adenomyosis (Fig. 6, inset) . Compared to the functionalis layer, a significantly decreased Q-H score of E-cadherin was observed in the basalis layer (*P , 0.05) with higher expression of SLUG in the ipsilateral side (Fig. 6B ). Similar to HGF and E-cadherin expression, no obvious difference in the expression of E-cadherin and SLUG was observed in gland cells of adenomyotic lesions (data not shown).
DISCUSSION
We demonstrated here a possible involvement of HGFinduced EMT in the development of adenomyosis. This effect of HGF-induced EMT was further promoted by estrogen. We found that HGF down-regulates gene expression of E-cadherin in EECs with an inverse relationship in protein expression between HGF and E-cadherin in gland cells of the basalis endometrium derived from women with both diffuse adenomyosis and the ipsilateral side of focal adenomyosis. Our findings of overexpression of HGF (EMT-inducing signal) and down-regulation of E-cadherin with consequent disruption of tight cell-cell contact of EECs and resulting migration of EECs may be the basic components in the event of EMT in adenomyosis. It has been reported that one important feature of CKþ/EcadÀ endometrial/endometriotic cells is their invasive behavior [29] . Here we found that less expression of Ecadherin in response to HGF corresponded well with migration through the porous filters of EECs. A previous report calculated the invasion capacity of EECs in relation to their motility, taking into account that invasion also depends on motility [29] .
When we consider cyclic shedding of the functionalis endometrium, cyclic tissue breakdown during the menstrual phase may induce a constant stress reaction on or cause tissue injury at the EMJ. In fact, as a marker of tissue stress reaction, we previously demonstrated higher expression of HSP70 in the eutopic/ectopic endometria and peritoneal fluid of women with endometriosis during the secretory phase and the menstrual phase of the cycle [30, 31] . Increased tissue expression of stress-reactive proteins, including HSP70, may also occur at the EMJ as a result of repeated curettage after abortion or after multiple pregnancies that have been traditionally considered high-risk factors for adenomyosis [1] . A similar tissue stress insult may explain higher expression of HSP70 in the basalis endometrium or in the inner myometrium and may trigger the very early switch of EMT by the higher expression of HGF and the consequent lower expression of E-cadherin in the basalis endometrium. In fact, biological events of EMT at the tissue 
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level and morphological recognition of adenomyosis by image are different. We clinically diagnose adenomyosis by subjective and objective findings of each patient. Therefore, failure to diagnose adenomyosis by image cannot exclude the absence of biological events (stress reaction/EMT) at the tissue level. A silent variable degree of cyclic tissue stress reaction may occur at the EMJ even in control women. Some of these women may time-dependently develop adenomyosis to be recognized either by histology or by image. We believe that the cause and effect of EMT in adenomyosis is still an open question for future investigation.
The increased tissue expression of HGF coincided with significantly higher tissue concentrations of HGF in the endomyometrial area derived from the ipsilateral side of focal adenomyosis and the anterior/posterior walls of the endometria derived from women with diffuse adenomyosis. HGF-induced and E-cadherin-mediated disruption of endometrial cellular contact with their consequent migration and/or invasion through the junctional zone may be involved in the generation of adenomyotic lesions into the myometrium. The effect of HGF may be further supported by the action of estrogen. It was interesting to observe that the inverse relationship between HGF and E-cadherin was lost once adenomyotic lesion developed. This might be due to the hyperplastic or hypertrophic changes of surrounding smooth muscle cells causing realignment of migrating endometrial cells into the glandular structure.
According to published literature, lower tissue expression of E-cadherin and increased tissue expression of vimentin or Ncadherin dictate a transitional cascade from an epithelial cell phenotype to mesenchymal cell phenotype [10, 32] . In other words, a phenomenon of EMT that was reported to be involved in the metastatic invasion of cancer cells [10] might also work in the pathogenesis of adenomyosis. With this speculation in mind, we extended our experiments with two additional cellular aspects of EMT: cell morphological change and cell migration. We found that HGF either alone or in combination with estrogen was able to induce morphological changes of EECs from a cobblestone-like appearance to spindle-shaped fibroblast-like cells. The functional specificity of HGF and E 2 was confirmed by their neutralizing effect on EEC motility. These findings give us further information that in addition to functioning as an estromedin growth factor (regulated by E 2 ) [33] or a pleiotropic growth factor [34] in endometriosis, HGF also exhibits a potential capacity to induce EMT in adenomyosis.
Among a number of transcriptional repressors of Ecadherin, SLUG and SNAIL expressions are well described, and they are found to negatively regulate E-cadherin promoter and consequently cause its down-regulation [12] [13] [14] . A recent . The mRNA expression of SLUG and SNAIL was significantly higher in response to both E 2 and HGF (*P , 0.05 vs. untreated cells), and an additive effect was observed between them (**P , 0.05 vs. single treatment with either E 2 or HGF; C). HGF-and E 2 -promoted SLUG and SNAIL mRNA expression was significantly suppressed after pretreatment of cells with anti-HGF antibody (10 lg/ml) or ICI (10 À6 M; P , 0.05 vs. single treatment with HGF or E 2 ; C). The expression of SLUG and SNAIL mRNA was normalized to RNA loading for each sample using b-actin mRNA as an internal standard. Statistics were analyzed by Student t-test. The results are expressed as mean 6 SEM of six separate experiments.
KHAN ET AL. study reported that estrogen regulates SLUG and SNAIL in the down-regulation of E-cadherin and induces metastatic potential of ovarian cancer cells [12, 13] . Similar to estrogen, we found here that HGF up-regulated gene expression of SLUG/SNAIL and that the addition of estrogen further modulated SLUG/ SNAIL gene expression in Ishikawa cells. These augmented effects of HGF and E 2 were significantly attenuated after treatment with anti-HGF antibody and ICI. An inverse relationship between SLUG and E-cadherin expression was observed in the basalis endometria derived from both focal and diffuse adenomyosis. Compared to the contralateral side, this expression was more prominent in the ipsilateral side of focal adenomyosis. A diagrammatic representation of the cascade of EMT in response to HGF and estrogen that may result in the development of adenomyosis is shown in Figure 7 .
There are some limitations in our current study. First, we did not investigate the events of EMT in women with adenomyosis treated with estrogen-suppressing agents. Second, we did not examine the relationship between the expression of b-catenin and E-cadherin. In normal epithelial cells, the cytoplasmic tail of metastasis suppressor molecule E-cadherin is usually complexed with cytoplasmic proteins of the catenin family, such as a-catenin or b-catenin. In fact, a more recent experiment implied that abnormal b-catenin activation contributes to adenomyosis development through the induction of EMT [35] . Third, as a similar phenotype of epithelial cells, we used Ishikawa cells instead of EECs in primary culture to investigate HGF/E 2 -stimualted SLUG/SNAIL gene expression. Finally, it is unclear whether our results are the cause or the effect of adenomyosis. In fact, we used EECs collected from women with focal adenomyosis that showed all the events of EMT in vitro. However, our protein expression of HGF and Ecadherin in intact tissue displayed diverse information between control women and women with adenomyosis. Further studies are warranted to clarify this issue.
We conclude that similar to estrogen [11] , HGF may be involved in gland invagination deep into myometrium by inducing EMT at the EMJ in women with adenomyosis. Since there is no basement membrane in between the basalis endometrium and inner myometrium, the process of EMT FIG. 6 . The immunohistochemical staining of E-cadherin, SLUG, and SNAIL (inset) in the functionalis endometria (upper column) and basalis endometria (lower column) derived from the ipsilateral (right columns) and the contralateral endometria (left columns) of women with focal adenomyosis (n ¼ 7; A). A weak immunoexpression of E-cadherin and moderate SLUG expression was observed in the basalis endometria of the ipsilateral side (right lower column). A moderate to strong immunoexpression of E-cadherin and SLUG was found in both layers of endometria derived from the contralateral side or functionalis endometria of the ipsilateral side (A). We could not find any apparent immunoexpression of SNAIL in any of these tissues (inset). The Q-H scores of E-cadherin/SLUG/SNAIL immunoreaction in the corresponding endometria of focal adenomyosis are also shown here (B). E-cadherin, *P , 0.05 vs. functionalis endometrium. Statistics were analyzed by Mann-Whitney U-test. The results are expressed as mean 6 SEM. Bar ¼ 100 lm for each panel.
can be better initiated here in response to tissue stress insult and/or local tissue inflammation and higher tissue content of HGF. Estrogen-induced EMT has found to be abrogated after treatment with raloxifene, a selective estrogen receptor modulator [11] . The findings of our current hypothesis warrant further investigation to examine the pattern of changes in the biological events of EMT in adenomyosis after treatment with an estrogen-suppressing agent. Our ongoing study may address this question.
